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(54) PROCESS FOR TUB CONVERSION OF STEROLS 
CONTAINED IN VEGETABLE AND ANIMAL OILS AND FAT5 



INTO THEIR FATTY ACID ESTERS 



(71) We, HARBURGER OEL- 
WERKE DRINCKMAN «c MERGELL, a 
German kommanditgcsellschalt, of Scehafen- 
strassc 2,21 Hamburg 90/Wcst Germany, do 
5 hereby declare the invention, for which wc 
.pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by die 
following statement: — 

10 This invention relates to a process for die 
conversion of sterols with free hydroxyl groups, 
so-called free sterols, contained in vegetable 
and animal oils and fats, into their fatty acid 
esters by trans-esterifkation. The term "falty 

15 acid", as used herein, means a carboxylic acid 
containing 2 to 26 carbon atoms. 

Vegetable and animal oils and fats contain, 
as natural ingredients, sterols which are pardy 
present in a chemically bound form as fatty 

20 acid esters and partly present in the free form, 
that is to say with free hydroxyl groups. 
Depending on dieir origin, these are cither 
phytostcrols or zoosterols. The most important 
representative of the latter group is cholesterol, 

25 Widespread phytostcrols arc sitosterols, 
stigmastcrols, brassicastero! and campesterol. 
A further group consists of the mycosterols, 
which occur especially in fungi, yeasts and 
primitive plants; crgosterol is the most impor- 

30 tant example. Very recendy, cholesterol has 
also been found in various vegetable fats and 
oils so that die classification mentioned above 
is somewhat artificial. Some data on typical' 
sterol contents of the most important oils and 

35 fats are given below: 

It is known that in processing edible oils 
and fats their sterols can undergo an undesircd 
change, and that this above Sll affects the free 
sterols whilst changes in the sterol fatty acid 

40 esters occur only to a very slight extent, if at 
all. In the course of die bleaching which is 
usually carried out in the course of refining 
crude fats, activated fuller's earths, inter alia, 
cause dehydration of free sterols and hence the 

45 formation of secondary products. 
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For example, in this way, cholesterol yields 
di - (cholesten - (5) - yl - (3/0) - cihcr 
(dicholcstcryl ether) and 3,3-cholcstadicne. 
/^-Sitosterol, stigmasterol and brussicasterol 
also form die corresponding dicdicnt and 50 
hydrocarbons. In addition, some polar and \v \ 
polar secondary compounds, which have * 
be identified are also produced. During 
hardening of fat, the hydrogenation reaction 
can also lead to irreversible side-reactions of 55 
free sterols and hence to the production of un- 
desircd secondary products, such as cholcswnol 
(dihydrocholcstcrol ) , coprostanonc, coprc- 
stanol and cptdtolcstauoL 

In this context it !uu already be propose*! 60 
to csterify the free sterols contained in oils 
and fats, prior to hardening, with known 
cstcrifying agents such as organic inono- 
carboxylic acids, monocarboxylic acid anhy- 
drides or monocarboxylic acid chlorides (sec 65 
Gentian OiTcnlcgungschrift No. 1,617,035), 
The advene working conditions of this method 
namely high temperatures, long reaction times 
and the corrosive properties of the cstcrifying 
agents or cstcrifying catalysts, militates against 70 
die use of this method in practice. 

It has been known for a long time dint 
phytosterol and its esters display a strong 
hypocholestcrolaemic action, that is to say a 
lowering of the level of cholesterol in the blood 75 
or an inhibition of die formation of cholesterol 
in the blood, if they arc added to vegetable 
oils. However, a prerequisite for this effect is 
a higher content of such sterols dian is usually 
to be encountered in natural oils and fats. 00 
But at sterol contents exceeding about 0.5% 
oils do not remain bright at room tempera mho 
but are ckudy, since dicse .sterols arc rather 
sparingly soluble in oil. This decisively dimin- 
ishes die usefulness of such oils, for example 85 
as salad oils, for the manufacture of for 
example, mayonnaise. It has dicrefore been 
proposed to employ for this puqwse, instead 
of the free phytostcrols, their fatty acid esters, 
which are readily soluble in oils at room tcm- 90 
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perauire and which therefore make it possible 
for the oils to contain 0.5 to 10% by weight 
of sterols in the form of their esters (see, for 
example, German Offcnlegungschrift No. 
5 2,035,069). According to this proposal, the 
requisite sterol csteis arc manufactured from 
free sterols by esterification with organic mona- 
cal boxy lie acids after die free sterols have 
been isolated from oils or fats or other natti- 

10 nl sources. Of course, this method is rather 
involved and expensive. 

The purpose of die present invention is to 
protect free sterols contained in vegetable and 
animal oils and fats against possible changes 

15 during processing in a simple and effective 
manner and equally to convert higher propor- 
tions of added free sterols into n readily soluble 
form. It has been found that both requirements 
can be met by means of a modified form of 

20 the trans-estenTication process. 

According to the present invention dierc is 
provided a process- for the conversion of free 
sterols, contained in vegetable and animal oils 
and fats, into their corresponding fatty acid 

25 esters by trans-csteriftcation in a homogeneous 
phase and at elevated temperature, in die 
presence of alkali metal alcoholatcs or alkali 
metals 03 catalysts, which is characterised in 
that vegetable and/or animal oils and fats 

30 containing sterols are mixed with 1.0 to 1.1 
equivalents, relative to dicir five sterol content 
of fatty acid esters of monohydtic aliphatic 
alcohols with 1 to 4 carbon atoms and the 
mixture is subjected to traas-cstcrification 

J5 conditions, with simultaneous removal of the 
monohydric alcohols liberated. It is to be 
understood that the fatty acid esters of the 
monohydric aliphatic alcohols can be derived 
from acids other than those present in the oil 

40 or fat; as indicated above, they contain 2 to 26 
carbon atoms in the ester moiety. 

The oils and fats treated according to the 
present invention can be used for the manu- 
facture of hardened (hydrogenated) fats. The 

45 vegetable oils treated according to the inven- 
tion can also be used as salad oils, for the 
manufacture of mayonnaise and as a con- 
stituent of mixtures of fats for the manufac- 
ture of margarine. 

50 By the process according to die invention, 
free sterols contained in vegetable and animal 
oils and fats arc substantially quantitatively 
converted into their fatty acid esters, indc- 
pendendy of die actual free sterol content, so 

55 that added free sterols arc also included in the 
reaction. In contrast, in die customary trahs- 
cstcrification of edible fats which, as is knq»rn, 
is carried out without additives, apart from 
catalysts, free sterols are only partially con- 

60 verted into their fatty acid esters. A particu- 
lar advantage of die process of this invention, 
which produces above all higher contents of 
free sterols, is that the products of the pro- 
cesses are practically free of partial glyccrides, 

65 especially diglyccrides, which arc produced* in 
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if fatly acid mouoesters are not used, that is to 
say in the customary traas-cstcn'licaiion of 
edible fats; oils and fats containing pauial 
glycerides are known to have disadvantageous VO 
properties for various end uses. 

The fatty acid monoocstcrs required for the 
process according to the invention can readily 
be obtained by alcoholysis of oils and fats or 
by esterification of fatty acids with methanol, VS 
cthauol, propanols or butauots. If the mono- 
esters corresponding to the oil or fat to be 
treated (esters of their total fatty acids) are 
used, the fatty acid spectra of the particular 
starting material and of the product of the HO 
process remain the same. Of com so, mono- 
esters of individual fatty acids or fatty acid 
mixtures of different; composition can oho be 
used. In the process according to the inven- 
tion, 1 mol of free sterol or sterol mixture is 03 
equivalent to 1 mo! of fatty acid monocster 
or fatty acid monocster mixture, from which 
the proportions of fatty acid monocster to be 
added can easily be calculated. 

The crude oils and fats to be treated accord- 
ing to the invention are generally fust fixed of 
mucins, de-acidified and dried, in the usual 
manner; after carrying out die process accord- 
ing to die invention, uV produce may then be 
copiously washed wit! /atcr to remove the ( J5 
catalyst, treated with small amounts (for 
example 0.5% by weight) of activated fuller's 
earth and subsequently deodorised. Excess,, 
uiueacicd fatty acid monocster is generally 
removed by the deodorising process. -In oils 100 
and fats which arc subsequently to be hydro- 
genated, the bleaching und deodorising can be 
carried out after hardening. 

The process according to the present inven- 
tion is suitably carried out in closed, stirred 105 
vessels which can be evacuated and which are 
provided with heating and cooling devices and 
the customary fittings, including a connection 
for introducing nitrogen. After introducing the 
oil or fat which is to be processed, and the 110 
fatty acid monocster, optionally after addition 
of free sterol, die catalyst, which should be 
finally distributed (generally about 0.2% by 
weight of alkali metal alcoholatc or 0.02% 
by weight of alkali metal), is introduced with 1 15 
die stirrer running and thereafter the mixture 
is heated to 90— 160°C, preferably to 120— 
125°C, whilst evacuating it down to a final 
vacuum of less than 20 mm Hg. At the same 
time, a slow stream of nitrogen is introduced 120 
until die process is complete in order to accele- 
rate die removal of the monohydric alcohol 
liberated and hence to accelerate 'the- reaction 
in the desired direction. This is usually reached 
after 1 to 2 hours in the case of natural oils 125 
and fats. Greater amounts of added sterol 
require longer reaction times, up to a general 
maximum of 6 hours. The process can also 
be carried out continuously or scmi- 
continuously. '30 
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The free sterols are piv.cipitaicil from their 
solutions as digitouides by means of digitouin, 
but the slightest changes in suucuue annul this 
pfceipitntobility; the quantitative determination 
5 of the total sterol and «>f the free sterol, from 
the difference between which the chemically 
bound sterol can be calculated, can be used 
for analytical control of the process and of its 
products. In order to determine the total sterol 
10 content the fat in question fust should be 
saponified, and the nnsaponified matter ex- 
tracted from the soap solution by means of 
ether or petroleum ether. The sterols, which 
are now all present in the free form, are then 
15 precipitated from the solution of the un~ 
saponiliable matter, thus obtained, by menus 
of digitouin (suitably as a solution), and are 
separated o(f and weighed. To determine die 
free sterol content an aliquot portion of the 
20 fat is dissolved without saponification and a 
dtgitonin solution is added. Only the free 
sterols contained in the fat sample are pre- 
cipitated in this way and these arc then 
isolated as described above. The difference in 
23 the two determinations gives the amount of 
chemically bound sterols (sterols in die ester 
form) in the fat. This procedure is based on 
the method of M. Klostcrmann and H. Opitz, 
Handbuch dcr Lebcnsmittclchcmie (Food- 
30 stuffs dentistry Handbook), Berlin 1969, 
Springer Vcrlag, Volume IV: I ? ats and 
Lipoids, page 781. Of coui5e, thin layer 
chromatography methods can also be used; 
this also allows the detection of possible dc- 
35 composition products of sterols which can 
form during the processing described. The 
partial glycerides can be tested by tlie DGF 
standard mcdiod C-V17 (WisscnschaftJichc 
Verlagsgesellschaft mbll, Stuttgart), and from 
40 this any diglyccridc content can be calculated. 
The process according to the invention is 
in principle applicable to ail oils and fats 
which can be processed industrially; it 
ensures reliable protection against changes in 
45 the sterols, both due to bleaching and harden- 
ing in the course of processing, and during use. 
In tin's context, autoxidativc changes, to which 
free sterols arc known to be more prone than 
their esters, should be mentioned particularly. 
50 Pats which have been prctreatcd according 
to the processes of this invention, bleached and 
hardened can be used as cooking fats, frying 
fats and baking fats (shortenings) and for the 
manufacture of margarine. An enrichment with 
55 free sterols, and their subsequent conversion 
into fatly acid esters, is particularly useful ft)r 
vegetable oils, such as soya oil, sunflower <jjj, 



maL^e oil and rape oil. With comc-ms of op to 

esters, tliesc^w^t^gbi^i^i^i.-.inuici: at (»u 
room temperature. They Mr bl*Q|0y salad 
oils anil oils for frying chips, for the manu- 
facture of mayonnaise and as constituents of 
margarine fat mixtures, for example. Th.ir 
advantages arc attributable to the stability of 65 
the sterol esters contained in them ami ih, 
fore relate primarily to their nutrition tl - 
physiological properties. 

The following Examples fin the r illustrate 
the present invention. 70 

hxamplv: 1. 

.1,000 g portions of (Peruvian) lish oil, soya 
oil or" sunflower oil, which had been freed of 
slime, de-acidilicd ami dried, wore heated with 
approximately 1.05 times the stoichiometric 7!> 
amount of the methyl ester of their total fatty 
acids, calculated relative to the content of free 
sterols, and with 0.2% by weight of sodium 
melhylate (in the form of a powder), to 120"C 
under a vacuum of 5 mm Hg while stini ■ IK) 
The mixture was kept for 2 hours at this . 
perature whilst passing a slow stream of \\ . 
nitrogen through it. It was then cooled to 
9()°C, washed three times with 1/4 1 portions 
of distilled water to remove the catalyst, dried 05 
in vacuo and treated with 0.5% by weight 
of activated fuller's earth for 20 minutes. After 
Altering ofT the fuller's earth, the product was 
deodorised for 4 hours in ixictto at 5 mm Ug 
and 200° C in the usual manner. 'JO 

The products of the process were then 
hydrogenated at 180°C in autoclaves, using a 
uickel-kieselguhr catalyst in an amount of 
0.2%, by weight of nickel based on the weight 
of oil until products of melting point 10°C 95 
were obtained. 

For comparison puiposcs, identical amounts 
*>f the same oils which had been freed of slime, 
de-acidified and dried were bleached, de- 
odorised and hydrogenated, in the same man- 100 
ncr. 

The amounts of fatty acid methyl esters 
added and the sterol contents are listed in the 
Tabic below, in which the symbols denote: 

a) oil which has been freed of slime, dc- 105 
acidified and dried (starting material); 

b) oil which has been trans-csterilicd 
(treated according to die invention) with fatty 
acid methyl esters, bleached and deodorised; 

c) oil which has been treated as under b) 110 
and hydrogenated; 

d) bleached, deodorised oil; 
c) hydrogenated oil. 
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Lard 
Suet 

Peruvian fish oil 
Cod liver oil 
Coconut oil 
Soya oil 
Sunflower oil 
Groundnut oil 
Rape oil 

TABLE 

Fatty acid tng of sterols in 100 g 



Type of oil 


ester in % by 
weight 


Type of 
treatment 


total 


free 


chemically 
bound 


Fish oil 




a) 


345 


\S 


170 




0.15 


b) 


342 


2 


340 




0.15 


O 


340 


2 


338 






d) 


132 


12 


120 






c) 


250 


38 


162 


Soya bil 




a) 


325 


205 


120 




0.20 


b) 


321 


1 


320 




0.20 


c) 


309 


I 


310 






d) 


160 


45 


115 






c) 


233 


118 


115 


Sunflower oil 




a) 


325 


195 


130 




0.20 


b) 


320 


1 


320 




0.20 


c) 

•9 


305 


I 


304 








220 


102 


118 






c) 


248 


116 


122 



1,405,346 



total 


nig of sterols in 
free 


100 g. 

chcniicii lly 
bound 


75-125 


75-125 


0-1 


75 


72 


} 


340 


170 


170 


515 


272 


24.1 


80 


63 


17 


320 


210 


no 


330 


200 


130 


250 


195 


55 


345 


50 


205 
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The hydroxyl numbers of all the products 
had a value of around t, which corresponds 
to a content of about t% by weight of di- 
glycc rides. 

5 Accordingly, die treatment according to the 
invention, of die oils has resulted in their free 
.sterols being convened almost completely into 
die corresponding esters. The experiments also 
show dm the content.? of chemically bound 

10 sterols (sterol esters) are only reduced 
slightly by bleaching and hydrogona:ioa and 
hence no structural chang;: whatever h;n* taken 
place. In contrast, the contents, especially of 
frev sterols, of the oils which have not been 

15 so treated have decreased substantially during 
further processing, which is presumably 
largely attributable to stnictural changes. 

EXAMPLli 2. 
50 g of ^-sitosterol (pure, commercially 

20 available product) and 42 g of sunflower oil 
fatly acid ethyl ester, corrc^yonding to 1.1 
times the calculated stoichiometric amount, 
were dissolved, with wanning, in 1,000 g of 
sunflower oil which had been freed of slime, 

25 de-ncidilicd, dried and freed of wax. Mho mix- 
ture was dicn trans-estcrihed under the con- 
ditions of ltxample 1, extending the auction 
iime to 6 hours. After during the catalyst, 
drying ami deodorising a light ycllov/ oil was 

.30 obtained, which after winterising, that is to 
say after removing die triglycerides which 
separated out at 5 to 7°C and which were 
practically free of sterol esters, remained 
bright on stoiage in a refrigerator. AGO g of 

35 the oil contained 4.34 g of total sterols and 
4.82 g of chemically bound sterols in the form 
of their esters, corresponding almost precisely 
to the theoretically calculated amount. The 
hydroxy! number of the oil was 0.8, corrc- 

40 sponding to a calculated 0.7% by weight of 
diglyce rides. 

A mixture of soya oil with 9.8% by weight 
of cholesterol and 8.0% by weight of soya oil 
fatty acid ethyl ester was treated in die same 

45 manner. The oil contained 10.1% by weight 
of cholesterol bound as the ester, was prac- 
tically free of diglyccrides and after winteris- 
ing remained bright on storage in n refrige- 
rator. 
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WHAT WJ3 CLAIM IS: • :H> 

I. Process for the conversion of fro: .sterols 
contained in a vegetable or animal oil or fat, 
into their corresponding fatty acid i : Mers which 
comprises adding to the vegetable or animal 
oil or fat 1.0 to 1.1 equivalents, based on their r *l> 
free sterol content, of a fatty acid eMer of a 
monohydric aliphatic alcohol with I to 4 catbon 
atoms and transcstcrifying die mixiuie at ele - 
vated temperature in the presence of an alkali 
metal alcoholatc or alkali metal as catalyst, W 
with simultaneous removal of the monohydric 
alcohol liberated. 

2. Process according to claim 1 in which 
free sterol is added to the vegetable or animal 

oil or fat before die transcstcrification. b r » 

3. Process according to claim 1 or 2 in 
which the fatty acid ester added is derived 
from the same fatty acid as present in the 
vegetable or animal oil or far. 

4. Process according to any one of claims 1 70 
to 3 in which the tnmsesteriii cation is carried 

out at a temperature from 90° to 160 rt C, 
reducing the pressure to below 20 nnn./Ug. 

5. Process according to any one of the pre- 
ceding claims in which die vegetable or animal * ! 
oil or fat is fish oil, soya oil or sunflower oil. 

6. Process according to any one of the pre- 
ceding claims in which he catalyst is Sodium 
mediylate. 

7. Process according to claim \ subs ton- 80 
tially as hereinbefore described. 

tf. Process according to claim 1 substan- 
tially as described in Hxample i or 2. 

9. A vegetable or animal oil or fat in which 

die free sterol present has been converted Bf> 
into their fatty acid esters by a process as 
claimed in any one of the preceding claims. 

10. Process for making a hardened fat 
which comprises hydrogenating a vegetable or 
animal oil or fat as claimed in claim 9. 90 

11. Process- for making margarine which 
comprises incorporating with die mixtures of 
fats a vegetable oil as claimed in claim 9. 

J. A. KliMP & CO., 
Chartered Patent Aegnts, 
14, South Square, 
Gray's Inn, London, W.C.I. 
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